Embodiment theory proposes that neural systems for perception and action are also engaged during language comprehension. Previous neuroimaging and neurophysiological studies have only been able to demonstrate modulation of action systems during comprehension of concrete language. We provide neurophysiological evidence for modulation of motor system activity during the comprehension of both concrete and abstract language. In Experiment 1, when the described direction of object transfer or information transfer (e.g., away from the reader to another) matched the literal direction of a hand movement used to make a response, speed of responding was faster than when the two directions mismatched (an action-sentence compatibility effect). In Experiment 2, we used single-pulse transcranial magnetic stimulation to study changes in the corticospinal motor pathways to hand muscles while reading the same sentences.
condition, the "sensible" response was made by pressing the near button, thus requiring a movement consistent with transfer from another person to the reader. Consistent with the indexical hypothesis, there was an interaction in the time needed to judge the sentences: Judgements were faster when the action implied by the sentence matched the action required to make the response, and this was true for both the concrete and the abstract transfer sentences. Glenberg and Kaschak refer to this sort of interaction as an action-sentence compatibility effect, or ACE. De Vega (in press) has reported an ACE-type of interaction in understanding counterfactual sentences such as, "If the jeweller had been a good friend of mine he would had shown me the imperial diamond". Note that the sentence is abstract in that the precondition does not exist (i.e., the jeweller is not a good friend) nor did the event occur (i.e., the jeweller did not show the diamond).
The action approach can be subdivided. As noted above, comprehension of transfer might involve a simulation process in which the motor system is used to simulate the specific actions used to accomplish the transfer. For example, one might simulate moving the arm in understanding, "You give the pizza to Andy". But, simulation of this sort does not provide a convincing explanation for the ACE interaction found for abstract transfer as in, "You tell Liz the story". For this sentence, simulation would involve the neural substrates for moving the lips and other speech articulators, not the arm and hand, and hence it is difficult to understand why this sort of simulation would affect time to move the hand to a response button.
We refer to the second action approach as an action schema approach (see also the discussion of motor resonance in Fischer & Zwaan, 2008 this issue, and Zwaan & Taylor, 2006) . In this approach, the linguistic material is grounded in motor processes, but not necessarily by direct simulation. For example, consider Glenberg and Kaschak's (2002) hypothesis for how motor processes come to be used in understanding abstract transfer. Initially, children learn the linguistic encoding of transfer actions almost exclusively with the verb "to give" (Goldberg, Casenhiser, & Sethuraman, 2004 ; Tomasello, 2000) . In this context, the meaning of transfer is encoded as an action having as parameters a type of grasp (e.g., power grip), force related to the object being transferred, and a direction of movement specified by the location of the object (e.g., the self) and location of the recipient (e.g., the mother). Repetition of actions of this sort leads to development of an action schema in anterior portions of premotor cortex (Aziz-Zadeh, Wilson, Rizzolatti, & Iacoboni, 2006) , which becomes the meaning of the verb "to give". Furthermore, this schema is grammaticized (in English, at least) as the double object construction (Goldberg, 1995) consisting of a subject (source of transfer), verb (means of transfer), recipient, and object being transferred. Examples of the construction are "Marco gives you the papers" and "You give Art the money".
The basic action schema can be associated with other verbs of transfer by generalizing the grasp and force (i.e., the means of transfer) parameters. Thus, "Marco hands/throws/sends the papers" can all be understood using the same schema with a change in the specification of the means of transfer. The action schema is generalized for abstract transfer by using communication as the means of transfer. This step may well be facilitated because Broca's area participates both in control of the hand and in control of the speech articulators (Fadiga, Craighero, & Roy, 2006) . Thus, an action schema developed for control of the arm and hand during transfer is, through successive generalization of action parameters, also used for (a) the understanding of observations of transfer using mirror neurons, (b) the understanding of concrete language about transfer of objects, and (c) the understanding of abstract language about the transfer of information.
In control of literal transfer, a transfer schema would require specification of what is being transferred (to control orientation toward the object and aspects of kinematics such as grip type and force) and the recipient of the object (to set additional kinematic parameters). We propose that the action schema is used in understanding language in an analogous manner. Individual words (e.g., "give") and phrases (e.g., "delegate responsibility") activate the action schema. The action schema then supplies the expectation that there will be a specification of the recipient and the object. These expectations may be satisfied by words or through gesture (e.g., pointing to the object or the location).
Once the object and recipient are identified, the action schema provides an organization and coherent interpretation for the whole event. That is, the action schema is used to ground the meaning of both concrete and abstract transfer in the motor system.
The notion that the same action schema is used for understanding both concrete and abstract transfer is consistent with analyses of various signed languages. For example, in al-Sayyid Bedouin Sign Language (Sandler, Meir, Padden, & Aronoff, 2005) both concrete (e.g., give, throw) and abstract (e.g., inform, announce) verbs of transfer involve a hand motion that begins near the body and moves outward. The use of arm movement to represent both concrete and abstract transfer is also typical of American Sign Language and several other signed languages (K. Emmorey, personal communication, September 16, 2006 ).
If such an action schema is utilized during comprehension of both concrete and abstract transfer, then we would expect Processing abstract language modulates motor system activity -The Quart... http://www.informaworld.com/smpp/section?content=a790266283&fullt... 3 av 16
2009-06-26 16:47 an ACE interaction for both. Furthermore, when using TMS to measure muscle activity in the hand (as in Experiment 2), we would expect to find activity for both the concrete sentences (consistent with both the simulation and action schema view) and the abstract sentences (consistent with the action schema view).
The various approaches to the embodiment of abstract language are not mutually exclusive; in fact they may all be emphasizing different aspects of the same phenomenon. Thus, simulation of action is the simulation of an event, as proposed by Barsalou and Wiemer-Hastings (2005) , and events generally are extended in time and space, as related to Boroditsky and Ramscar (2002) and Richardson et al. (2003) . Furthermore, to the extent that transfer of information is understood much as physical transfer (Glenberg & Kaschak, 2002) , that understanding is metaphorical, as suggested by Lakoff (1987).
These theoretical ideas and empirical findings are consistent in demonstrating how abstract language may be grounded in bodily experiences of perception and action. However, given the absence of neuroimaging or neurophysiological evidence for the involvement of the sensorimotor system during abstract language comprehension, important questions remain. For example, it may be the case that the language is understood using neural systems unrelated to perception and action, and only later (e.g., in anticipation of action) are these systems activated (e.g., Mahon & Caramazza, 2005) .
The present study had two aims. The first aim was to assess in two experiments, one using a behavioural paradigm and one using TMS, whether the motor system is modulated during the processing of language material expressing transfer of concrete objects. The second aim was to assess whether the motor system is also modulated during the processing of language expressing abstract transfer (e.g., "Anna delegates the responsibilities to you"). In general, the data are consistent with the action schema approach outlined above. We relate this finding to the mirror neuron system, which has already been implicated in the processing of concrete language (e.g., Buccino et al., 2005 ).
EXPERIMENT 1
The purpose of this behavioural experiment was to replicate and modestly extend the results of Glenberg and Kaschak (2002) , as well as to test the linguistic materials for inclusion in Experiment 2. The stimulus materials were written in colloquial Italian. Participants judged as sensible or nonsense sentences describing transfer toward the reader (e.g., "Andrea ti porta la pizza"/"Andrea carries the pizza to you"), away from the reader (e.g., "Tu porti la pizza ad Andrea"/"You carry the pizza to Andrea"), or no-transfer sentences using the same character names and direct objects (e.g., "Tu annusi la pizza con Andrea"/"You smell the pizza with Andrea").1 Within each of these categories, half the sentences referred to a concrete object, and half referred to an abstract object or information, such as "Arturo ti presenta l'argomento"/"Arthur presents the argument to you". Other examples are presented in Table 1 . As in Glenberg and Kaschak (2002) , for half of the sentences, the "sensible" response was made by moving to a response button situated farther away from the participant than the start button, and for half of the sentences, the "sensible" response was made by moving to a response button closer than the start button. We expected an ACE interaction for both the concrete and the abstract sentences. Such a finding would validate the stimuli for Experiment 2. 
Method Participants
A total of 22 native Italian speakers participated in the experiment. All were right-handed according to a standard handedness inventory (Oldfield, 1971) , and all had normal or corrected-to-normal vision. Half of the participants were randomly assigned to begin the experiment using the far key to indicate sensible and the near key to indicate nonsense, and the other participants received the reverse assignment. Midway through the experiment, the response assignments were reversed.
Materials
A total of 40 triads of sensible sentences were created. Each triad consisted of a toward sentence, an away sentence, and a no-transfer sentence in which the verb did not express any transfer action. Half of the triads described concrete objects, and half described abstract events such as the transfer of information. Half of the no-transfer sentences began with "Tu", and half began with a proper noun (as did the away and toward sentences, respectively). In addition, 120 nonsense sentences were created. Of these, half mentioned concrete objects and half abstract objects or events, and an equal number used the syntax of toward, away, and no-transfer sentences.
A different randomization of the 240 stimulus sentences was created for each participant within the following constraints.
Each block of 24 sentences contained an equal number of sensible and nonsense sentences and, orthogonally, an equal number of toward, away, and no-transfer sentences and an equal number of concrete and abstract sentences.
The toward and away sentences in a block never came from the same triads.
Participants responded using a modified keyboard. The keyboard was oriented so that the long axis projected away from the participant. The "h" key was designated as the start key. The stimulus sentence was visible only while the start key was depressed. The keys symmetric to the "h" but five removed (e.g., "a" on a standard American keyboard) were modified by attaching cardboard squares, approximately two centimetres on each side, to facilitate movement to the keys. The squares were labelled "Yes" (i.e., sensible) and "No" (i.e., nonsense).
In summary, the independent variables were sentence direction (toward, away, or no-transfer), concreteness (concrete and abstract), sensibility (sensible and nonsense), and response direction (yes-is-near and yes-is-far). All of the variables were manipulated within subjects.
Procedure
Participants were instructed to consider the sentences as about themselves. In addition, they were told to read quickly because the computer would record an error if a response was not made within three seconds from the time at which the stimulus sentence was presented. Before beginning the first block of trials, participants received two sets of practice.
The first practice set consisted of 20 trials in which the participants (a) depressed the start key using the index finger of the preferred hand, (b) observed the word "Yes" or "No" on the computer screen while the start key was depressed and moved the index finger to the corresponding "Yes" and "No" keys as quickly and accurately as possible. Errors were indicated by a feedback tone. The second practice set consisted of 10 trials in which the participants (a) depressed the start key, (b) read a sentence, and (c) responded "Yes" or "No" as quickly as possible. After these practice trials, the participant received the first five blocks of trials. Following the fifth block, the response keys were reversed, and the participant engaged in the two practice sets using the new response assignment. This practice was followed by the remaining five blocks of trials. The computer registered the amount of time the start key was depressed (judgement time-that is, the time to read, comprehend, and judge the sensibility of the sentence), the time between lifting the finger and moving to the "Yes" or "No" keys (movement time), and the identity of the key depressed.
Results
The data from 2 participants were eliminated because they made more than 10% errors in judging the sensible sentences. For the 20 remaining participants, the judgement time data for the sensible sentences were analysed as follows (the movement times were not analysed direction, a mean and standard deviation were computed, and any judgement time more than 2.5 standard deviations from the mean was eliminated. In total, 4,238 trials were analysed to obtain error rates, and after eliminating errors and data from the nonsensical sentences, 2,078 trials were used to determine the judgement times. Analyses focused on the data from the sensible sentences in the toward and away conditions, and they were conducted with a Type I error rate set to .05.
In an analysis of the error rates for the sensible transfer sentences, there was a significant effect of concreteness. The concrete sentences were responded to correctly on 97% of the trials, and the abstract sentences were responded to correctly on 99% of the trials, F(1, 19) = 4.39, MSE = 0.002, p = .05. No other main effects or interactions were significant.
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2009-06-26 16:47 compromise any of the conclusions based on the ACE interaction, however. We think that it is likely that much of the effect of concreteness can be attributed to differences in word frequency-that is, the lower frequency words used in the abstract sentences were read slowly. 3 Second, there was an interaction of concreteness and sentence direction, F(1, 19) = 10.04, MSE = 3,414 (the corresponding interaction in the analysis of errors was not significant, F < 1). The concrete toward sentences were read faster than the concrete away sentences, but no difference was apparent for the abstract toward and away sentences.3
Discussion
The results are a conceptual replication of the ACE found by Glenberg and Kaschak (2002) . That is, when judging a sentence describing action toward the reader, judgements are faster when the response is made by literally moving the hand toward the reader, whereas when judging a sentence describing action away from the reader, judgements are faster when the response is made by literally moving the hand away from the reader. Importantly, the size of the ACE interaction was not statistically affected by the concreteness factor.
The results are consistent with the action schema account that sentence comprehension requires the use of an action schema representing transfer. Combining the action schema and simulation variants of the indexical hypothesis may also explain the finding (both here and in Glenberg & Kaschak, 2002 ) that the ACE interaction is slightly (but not significantly) larger for the abstract sentences.4 For both concrete and abstract sentences, a transfer action schema is contacted. In addition, there may be a motor simulation, particularly for the concrete sentences. For some of the concrete sentences, however, the motor simulation will mismatch action parameters used in responding. For example, for the sentence "You give the pizza to Andy" might involve a motor simulation with the hand palm up. However, the response requires that the hand be palm down. This type of interference would be rare for the abstract sentences: As noted before, any simulation for abstract sentences would be more likely to involve the speech articulators than the arm and hand.
Nonetheless, at least one alternative explanation is viable. Perhaps sentence comprehension does not require any action simulation. However, after a sentence is understood, the meaning is used to prepare for action, and it is at this point that the ACE interaction arises. We were able to test this alternative in the following experiment.
EXPERIMENT 2
Single-pulse TMS can be used to index activity in the motor system. The TMS pulse evokes a motor response (motor acoustically sentences describing hand action ("he turned the key"), leg action ("he kicked the ball"), or no concrete action ("he loved his wife"). The TMS pulse was delivered during presentation of the verb. MEPs measured at the hand and foot were modulated by sentence content, leading to the conclusion that sentence content differentially modulates the motor regions where the effectors implied by the sentence are represented.
In Experiment 2, we used single-pulse TMS to study changes in the corticospinal motor pathways to hand muscles during the presentation of concrete and abstract sentences. The pulse was applied either shortly after presentation of the verb or shortly after the last segment of the sentence was presented. MEPs were recorded from the opponens pollicis (OP) muscle of the hand. The sentences were the concrete and abstract transfer sentences (both toward and away) and the no-transfer sentences from Experiment 1. If sentence comprehension invokes a motor simulation or action schema, we expect to see greater motor system modulation (e.g., a larger MEP) for the transfer sentences than the no-transfer sentence. Furthermore, if language understanding modulates motor activity during comprehension, then we would expect to see a difference between transfer and no-transfer sentences when the pulse occurs shortly after the verb-that is, while the participant is in the process of understanding the sentence. In contrast, if the difference is found only at the end of the sentence, it might be due to some form of motor imagery invoked after sentence comprehension.
Finally, the questions of major interest concern the variable of sentence concreteness. Will sentences describing the transfer of abstract information invoke MEPs at the hand? Will the effect be equivalent to that found for sentences describing the transfer of concrete objects?
Note that our predictions are in terms of modulation of motor system activity. The direction of modulation (possibly Processing abstract language modulates motor system activity -The Quart.. 
Method Participants
A total of 11 participants (2 males and 9 females who had not participated in Experiment 1; mean age ± SD, 22 ± 3 years) participated in the experiment. All were right-handed, according to a standard handedness inventory (Oldfield, 1971 ) and had normal or corrected-to-normal vision. Participants were screened for neurological, psychiatric, and other medical problems and contraindications to TMS (Wassermann, 1998) . Informed consent was obtained for all participants, and they were paid for their participation. The protocol was approved by the Parma University Ethical
Committee and was carried out in accordance with the ethical standards of the 1964 Declaration of Helsinki.
Stimuli
The sentence stimuli were from those used in Experiment 1. We used 80 of the nonsense sentences, 40 no-transfer sentences (half concrete and half abstract), and half of the toward and away sentences for a total of 40 transfer sentences (half concrete and half abstract). We collapsed across the toward/away distinction for several reasons.
Because it is difficult to record reliable MEPs from proximal muscles, such as the biceps and triceps which are generally related to toward and away arm actions, we recorded MEPs from a distal muscle, OP. This muscle is involved in grasping action, and thus it may be considered a component of both toward and away transfer actions. Moreover, by collapsing across the distinction between toward and away, we could reduce the number of TMS pulses.
A different randomization of the 160 stimulus sentences was created for each participant within the following constraints.
Each block of 32 sentences contained an equal number of sensible and nonsense sentences and, orthogonally, equal numbers of transfer (half toward and half away) and no-transfer sentences, equal numbers of concrete and abstract sentences, and equal numbers of TMS pulses on the verb and at the end of the sentence. The toward and away sentences in a block never came from the same triads.
For purposes of sentence presentation, each stimulus sentence was divided into four segments as illustrated in Table 1 .
The segments were presented using a modified moving-window technique (cf. Just, Carpenter, & Woolley, 1982) . First, a series of dashes and spaces was presented. Each space corresponded to a space between words, and the number of dashes corresponded to the number of letters in each word. Next, the first segment was presented for 250 ms, and it was followed by each successive segment also presented for 250 ms each. Unlike in the standard moving-window technique, segments remained on the screen after they were presented. Although the sentences differed in number of words (five or six), each sentence contained four segments, so the total time of presentation was the same.
Participants indicated that the sentence was sensible by pressing the "j" key on a keyboard using the left index finger, and they indicated that the sentence was nonsense by pressing the "g" key with the left middle finger.
Electromyography
Continuous electromyography (EMG) recordings from the right-hand OP muscle were acquired with a CED Micro 1401 analogue-to-digital converting unit (Cambridge Electronic Design, Cambridge, UK). The EMG signal was amplified (1,000 times) and digitized (sampling rate: 5 kHz, band-pass filter: 5-4000 Hz) and stored on a computer for offline analysis. Ag/AgCl surface electrodes with a bipolar montage were used. The active electrode was placed on the muscle belly and the reference electrode on the corresponding tendon.
Transcranial magnetic stimulation
The left hemisphere was magnetically stimulated by means of monophasic single pulses delivered through a figureof-eight coil connected to a transcranial magnetic stimulator (ESAOTE Biomedica, Italy). The coil was moved over the scalp in order to determine the optimal site from which maximal-amplitude MEPs were elicited in the OP muscle. For optimal stimulation of the hand motor cortex, the intersection of the coil was placed tangentially to the scalp with the handle pointing backward and laterally at a 45° angle away from the midline (Mills, Boniface, & Schubert, 1992) . The coil handle was fixed to a mechanical arm to suppress movements of the coil itself from the original position on the scalp.
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The resting motor threshold of the OP muscle was determined according to standard methods as the minimal intensity capable of evoking MEPs (Rossini et al., 1994) in 5 out of 10 consecutive trials from the relaxed muscle with an amplitude of at least 50 µV. The output of the stimulator was set to 120% of the resting motor threshold for the stimulations applied during the experimental session.
Procedure
The experiment was programmed using Matlab (The Mathworks Inc., Natick, MA), Cogent (Functional Imaging Laboratory, Queen Square, London, UK), and Signal (Cambridge Electronic Design, Cambridge, UK) software to control the stimulus presentation and to trigger the TMS and EMG recordings.
Participants were comfortably seated on an armchair with the right elbow flexed at 90° and the right hand half-pronated in a relaxed position. The participant's head was supported by a headrest to maintain a comfortable and stable position.
The left hand was positioned on a keyboard oriented to facilitate comfortable responding with the index and middle fingers. The experimental session began with the determination of magnetic coil location and pulse strength. Next, the participant received 20 practice trials. These trials were followed by the 160 experimental trials.
Results
The data from 2 participants were eliminated because technical problems resulted in incomplete data files. For the remaining participants, data were processed offline. The mean percentage of errors was 5.42% (SD = 2.5). No participants exceeded the limit of 10% of errors. Error trials and trials with EMG activity before TMS (less than 5%) were discarded from the analysis. For each participant and each trial, the EMG trace was rectified, and the area under the curve corresponding to the MEP was measured. Data were then z-score normalized to the grand average of all MEP areas (evoked by sensible sentences) within the same subject, and means were calculated for the eight conditions resulting from the factorial combination of pulse time (verb and end of sentence), concreteness (concrete and abstract), and sentence type (transfer and no-transfer). The means are illustrated in Figure 2 . Note that zero on the ordinate corresponds to the grand average MEP, not the absence of activity. Analyses focused on the data from the sensible sentences. All analyses were conducted using a Type I error rate of .05.
Processing abstract language modulates motor system activity -The Quart... http://www.informaworld.com/smpp/section?content=a790266283&fullt... 9 av 16
2009-06-26 16:47 There was little evidence for a difference between concrete and abstract sentences (F < 1) and little evidence that the size of the difference between transfer and no-transfer sentences depended on concreteness (F < 1 for the interaction).5 Similarly, there was little evidence that the size of the difference between transfer and no-transfer sentences differed for the pulse times (p = .15 for the interaction).
Discussion
The data from Experiment 2 are consistent with several conclusions. First, the larger MEPs for the transfer sentences compared to the no-transfer sentences is consistent with the action schema view. That is, during language comprehension, motor areas of the brain are differentially activated depending on the content of the language. Second, the size of the sentence type effect is comparable for sentences that describe concrete and abstract transfer. Third, the size of the effect is comparable when the pulse is at the verb (during sentence comprehension) and when the pulse is at the end of the sentence. Apparently, the motor system is modulated during comprehension of both concrete and abstract language.
A reviewer of an earlier version of this article noted that when the pulse is at the verb, the reader may not yet know that the sentence will describe transfer. Consequently, it is difficult to understand why there should be any transfer-related activity in the OP muscle. We think that there is a relatively simple (but untested) explanation for this early activation.
Many of the verbs used in the experiment (e.g., "to give") are highly associated with transfer. Consequently, the putative action schema will be primed by the verb, and this priming would then lead to activity in the motor system. In fact, such an account is very close to what is meant by our claim that the motor system contributes to language comprehension: As described in the Introduction, words and phrases invoke the action schema, which is then used to help organize the components of the sentence into a coherent meaning.
GENERAL DISCUSSION
The data from the two experiments converge on the conclusion that the motor system is modulated during the understanding of both concrete and abstract language comprehension (see also, Taylor & Zwaan, 2008 this issue, and Zwaan & Taylor, 2006) . In Experiment 1, the direction of movement implied by the sentence (toward the reader or away from the reader) determined whether responding was easier by literally moving the hand toward the reader or away from the reader. The effect was observed on the time needed to read and understand the sentence. Nonetheless, the data from Experiment 1 can be questioned on several grounds. First, the response was measured only after the sentence was fully presented, and thus the finding might reflect a postcomprehension process such as preparing for action.
Second, the effect was observed in a context requiring hand movement, and thus the effect might only be found when participants pay particular attention to hand movement. Both of these suggestions can be ruled out by the data from Experiment 2. First, the effect of transfer versus no-transfer was found at the verb-that is, during sentence comprehension, as well as at the end of the sentence. Second, there was no need for overt hand movements (other than left-hand finger movements to press the response key). Importantly, no difference in motor system modulation was found comparing the concrete (transfer of objects) and abstract (transfer of information) sentences. These data support the notion of a relatively general, transfer action schema in motor cortex, probably in the mirror neuron system. That is, the schema is used to control transfer, recognize acts of transfer, and understand language about transfer.
Processing abstract language modulates motor system activity -The Quart.. as another's movements (third person), have opposite effects on the mirror neuron system thus allowing for a differentiation between self and others. Thus, it might be that language about third-person events and language about first-person events have dissimilar effects on the mirror neuron system just as observation of self and others have dissimilar effects.
We have argued that the activity in motor cortex during language comprehension is not simply a postcomprehension process used to prepare for action, but then what is the function of that activity? One alternative is that the activity is epiphenomenal rather than intrinsic to language comprehension. For example, perhaps it is a vestigial habit based on early sensorimotor associations with language. This explanation cannot be ruled out by our data (although it would be ruled out if repetitive TMS, rTMS, were to selectively disrupt comprehension of transfer versus no-transfer sentences), but it seems unlikely for several reasons. First, the effects are found with the abstract transfer sentences that do not refer to hand or arm movement. Second, as reviewed earlier, data consistent with an embodied interpretation of abstract language can be found using a variety of procedures and a variety of types of abstractions. Thus the simplest explanation of the set of data is that embodied mechanisms, such as using an action schema, are an integral part of the comprehension process.
How is activity in motor cortex used in language comprehension? We answer this question in three steps. First, motor activity, and the mirror neuron system in particular, play an important role in producing and understanding observed actions. Second, the same mirror neuron system is implicated in the understanding of language about concrete actions.
That is, we are suggesting that the action schema used for controlling action and comprehending language about action is implemented in the mirror neuron system. Third, understanding of abstract actions is derived from the understanding of concrete actions. understood by engaging in a substantially similar type of activity. An important fact supporting this interpretation is that a part of the human mirror neuron system is located in Broca's area, which has long been associated with language (e.g.,
Fadiga, Craighero, & Roy, 2006).
Demonstrations of the relation between the mirror neuron system and language understanding have used language about concrete actions, whereas we observed motor activity for both concrete and abstract transfer. Why should language about the transfer of information call upon a motor simulation involving the hand? As described in the Introduction, one possibility invokes a developmental scenario. Infants first represent concrete transfer events using the motor system. Experience with different sorts of transfer (e.g., handing, throwing) leads to an action schema generalized over action parameters such as source location, recipient location, object, and mode of transfer (i.e., kinematics). This action schema can then be used to ground other events with a similar set of parameters and a similar outcome structure-that is, something moves from the source location to the recipient location. Note that telling a story or delegating responsibilities also involves a source, a recipient, something that is transferred, and a mode of transfer.
Hence the action schema can also ground the understanding of abstract transfer. Given that the action schema initially developed to control the arm and hand during literal, concrete transfer, when the action schema is contacted during the comprehension of abstract transfer sentences, areas of motor cortex controlling the hand also become active, as found in Experiment 2.
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